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Tool and Method for Forming A Multi Fiber Ferrule 

■ ( 

Field of the Invention 

The invention relates to a multi fiber optical ferrule, a toolfor forming the multi fiber 
optical ferrule and a method of making the multi fiber optical ferrule. 



Background of the Invention 

1 0 The demands placed on local area networks and wide area networks require an ever- 

increasing capability to handle more data flowing at faster data rates. Optical networks utilizing 
optical communication equipment are utilized to address this need. Such optical networks 
include optical switches having greater numbers of lines in and out in order to accommodate the 
increased data traffic. For example, current optical switches may have an input/output 

15 relationship as little as 512 by 512 and may be expanded to be greater than 2,000 by 2,000. 
Individual fibers for such an input/output arrangement are impractical, so ribbon fiber cable 
assemblies have been developed to address the greater density of inputs and outputs in these 
applications. These ribbon fiber arrangements require optical array connectors for 
interconnection to optical switches and other optical equipment within the network. 

20 One such connector has been developed by the MT-RJ Alliance including the companies 

of Hewlett-Packard, Fujikura, AMP, Siecor, and USconec. The MT-RJ connector family utilizes 
an MT ferrule designed to hold 2, 4, 8, 12, or 16 fibers in a linear array. The MT ferrule is a 
precision molded solid part having tapered fiber receiving passageways which are loaded with a 
ribbon fiber array firom a rear end. In line with the fiber array are a pair of pin receiving holes 

25 which are used to align the ferrule end faces of two mated ferrules. The pin holes must be 
precisely located with respect to the array of fiber receiving channels in order to insure proper 
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alignment and minimize optical signal attenuation.between mated fiber end faces. The ribbon is. 
secured into the ferrule with epoxy introduced through a transverse window formed in the 
ferrule. Once the epoxy is cured, the fibers are cleaved and polished at the front end or mating 
face to complete the ferrule and fiber array assembly. The ferrule and fiber array assembly may 
5 then be loaded into a variety of connector housings which are part of the MT-RJ or other 
connector systems. 

It is important to maintain positional accuracy and alignment between the fiber array and 
pins so that upon mating with another ferrule, the end faces of the fibers are in alignment with 
each other to minimize coupling loss or attenuation at the interface. Unfortunately, since these 

1 0 ferrules are molded of plastic, they are not very stable and suffer from variation in material 
characteristics from one batch to another. Temperature history storage causes the positional 
accuracy of the optical fibers and pins to be compromised during storage and thermal cycling. 
Additionally, since these ferrules are designed to have tapered channels into which the fibers and 
epoxy are inserted, they must have sufficient clearance so that the fiber coated with epoxy will 

1 5 fit This clearance results in some uncertainty as to where the fiber is located in relation to 
adjacent fibers in the array and in relation to the pins. This uncertainty results in a non-coaxial 
relationship between fiber cores in a mated pair of ferrules. Considering that the working core of 
a fiber is only a few microns in diameter, the positional tolerance is very small and large amounts 
of attenuation can be experienced with little positional uncertainty. 
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Summary 

It is therefore an object of the present invention to provide a multi fiber ferrule having 
improved positional accuracy and reduced coupling loss, and to provide a tool and method for 
making the ferrule. It is further desirable to produce a new and unproved multi part fiber ribbon 
5 cable connector whose outer dimensions make it a direct replacement for the MT ferrule 
requiring no modifications to the MT-RJ connector housing. 

This and other objects are achieved by providing an array ferrule made from two halves. 
Each half may be cast or molded from ceramic, glass, plastic, or metal material. The halves are 
machined by a skiving or broaching method utilizing a broach tool. The broach has an exposed 
10 cutting edge for broaching the inner contour of each feirule half. The ferrule halves are 
preferably identical having inner faces which are a mirror image of each other. The inner 
surfaces and channels are machined with the same tool, assuring coaxiality of mating fibers with 
an error only due to uncertainty of fiber core to fiber outer diameter relationship. 
Brief Description of the Drawings 
15 The invention will now be described by way of example with reference to the 

accompanying figures of which: 

Figure 1 is a perspective view of a fiber ferrule. 

Figure 2 is a perspective view of a blank of a fiber ferrule half. 

Figure 3 is an end view of the fiber ferrule half of Figure 2. 
20 Figure 4 is a perspective view of a machine having a broach, a carrier assembly and a pair 

of ferrule halves being machined therein. 

Figure 5 is an end view of the broach of Figure 4. 

Figure 6 is a cross sectional view of an alternate broach. 
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Figure 7 is a partial exploded cross sectional view of the broach of Figure 6. 

Figure 8 is a partial exploded perspective view of the fiber ferrule halves shown in Figure 

4. 

Figure 9 is an exploded perspective view of the fiber ferrule assembly of Figure 1 having 
5 sleeves attached over the front and rear ends thereof 

Figure 10 is a front end view of the fiber ferrule half of Figure 2 after the cutting 
operation. 

Figure 1 1 is an exploded perspective view of an alternate multi fiber ferrule. 
Figure 12 is aperspective view of the alternate multi fiber ferrule of Figure 11. 
10 Figure 13 is a perspective view of yet another alternate embodiment of the multi fiber 

ferrule according to the invention. 

Figure 14 is a perspective view of a fiber ferrule half for the alternate ferrule of Figure 

13. 

Figure 15 is an exploded perspective view of the alternate multi fiber ferrule of Figure 13. 
15 Figure 16 is a cross sectional view of the alternate multi fiber ferrule of Figure 1 5. 

Detailed Description of the Invention 

The invention will first be described generally with reference to Figure 1. A multi fiber 

ferrule 10 according to the present invention is formed of first and second ferrule halves 12, 14. 

The first and second. ferrule halves 12, 14 are joined together and receive a ribbon fiber cable 8 
20 from a cable receiving end 16. The individual fibers of the ribbon cable 8 are positioned along a 

mating face 1 8 in a linear array located between a pair of pin receiving passageways 24. 

Windows 22 are provided for receiving an epoxy to secure the ribbon fiber cable 8 within the 

ferrule 10. 
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Referring now to Figure 2, the first ferrule half 12 is formed from a ferrule half blank 30 
which is either molded or cast to have preformed contoured features along an inner surface 27 of 
near final dimensions leaving a small amount of the material to be removed by machining. These 
features include a pair of pin receiving channels 26 extending from the mating face 18 rearward 
5 toward the cable receiving end 16. A plurality of fiber receiving channels 28 are also formed 
along the inner surface 27 near the mating face 18 and extend parallel to and in between the pin 
receiving channels 26. The fiber receiving channels 28 are preferably rectangular to result in six 
points of contact with a fiber while allowing space for epoxy of other encapsulant as will be 
described below. A cable receiving channel 25 extends rearward from the fiber receiving 
1 0 channels 28 toward the cable receiving end 1 6. It should be understood that both the contoured 
features on the inner surface 21 and the outer surface of the blank 30 may vary in shape. For 
example, a circular or other outer shape may be utilized, or an inner contour having a single or a 
plurality of channels maybe formed on the contoured features depending on the needs of the end 
use. 

15 Referring to Figure 4, a machine 40 for forming the first and second ferrule halves 12, 14 

from ferrule half blanks 30 is shown in Figure 4. This machine 40 includes a cutting tool 41 
having a broach 42 and a carrier 50. The broach 42 is a generally cylindrical tool having a cut 
out portion 44 with a cutting surface 46 along an edge thereof. Alternatively, a single linear 
broach can be used. This cutting surface 46 is profiled to have a desired contour for the inner 

20 surface 27 of the first and second ferrule halves 12, 14. The carrier 50 is designed to hold the 
blanks 30 and to slide under the broach 42 along a pair of rails 54 fixed to a frame 52. A row of 
ferrule half blanks 30 are placed in the carrier 50 end to end in precise alignment and then are cut 
by the cutting surface 46 as the carrier 50 is moved under the broach 42. All inner surfaces are 
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cut simultaneously and the machining tool in a single pass. Figure 8 shows an exploded view of 
the ferrule half blanks 30 placed end to end as they are positioned in the carrier. It should be 
understood that the cutting surface 46 may be profiled to create semi-circular, rectangular, 
square, triangular, or any other geometry for each of the fiber receiving channels 28 and pin 
receiving channels 26. For example, as best shown in Figure 1 0, the first ferrule half 12 has been 
cut to have generally square fiber receiving channels 28 and generally rectangular pin receiving 
channels 26. This geometry is preferred because it results in 6 points of contact with each fiber 
and pin to assure greater positional accuracy. 

Once the first and second ferrule halves 12, 14 have been machined and properly formed, 
the ferrule 1 0 is assembled to a ribbon fiber cable 8 as best shown in Figure 9. The ribbon fiber 
cable 8 is first stripped to expose the individual fiber ends as is well known in the art. The 
exposed fibers are then dipped into epoxy or other suitable adhesives or encapsulant materials. 
The ribbon fiber cable 8 is placed into the first ferrule half 12 such that each of the individual 
fibers resides in a respective fiber receiving channel 28 and the remainder of the ribbon fiber 8 
fits into the cable receiving channel 26 and exits the cable receiving end 16. The fiber receiving 
channels 28 engage each inserted fiber at three points and have space in the comers for receiving 
the epoxy or encapsulant The second ferrule half 14 is then placed over the ribbon fiber 8 and 
joined to the first ferrule half 12. Again, the fiber contacts each channel 28 of the second half 14 
at three points and epoxy is received in the channel's comer spaces. The result is that each fiber 
is secured in a respective fiber receiving passageway 20 by six points of contact and epoxy in the 
spaces in the comers around the contact points. Epoxy or encapsulant is then applied through the 
windows 22 as is well known in the art for securing a ribbon cable 8 into a ferrule 10. It should 
be understood that the first and second ferrule halves 12, 14 may be joined to each other by any 
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suitable means such as ultrasonic welding, adhesives, or mechanical fasteners. A front sleeve 32 
is preferably placed over the ferrule 10 from the mating face 18 and a rear sleeve 34 is placed 
over the ferrule 10 from the cable receiving end 16 as indicated by the arrows in Figure 6. Metal 
sleeves (not shown) may be inserted in the pin receiving channels 24to surround the pins. The 
mating face is then polished according to techniques known in the art. 

Referring now to Figure 5, the broach 42 is shown in greater detail. The broach is 
preferably monolithic and is generally a cylindrical component having a cut out portion 44. The 
broach 42 preferably has an integral shaft 43 extending therefrom. Alternatively, the broach 42 
may be mounted to the shaft 43. A cutting surface 46 extends from the cut out portion 44. The 
profile of the cutting surface 46 extends around the circumference of the broach 42. It should be 
understood that when the cutting surface 46 is dull, the cut out portion 44 may be machined to 
expose a new sharp cutting surface having the desired profile. The broach 42 may then be 
rotated about the shaft 43 to be in an appropriate cutting position over the carrier 50. 

Referring now to Figures 6 and 7 an alternate broach 142 is shown. The alternate broach 
142 is fixed to a shaft 43 by a plate 145 which is secured to the shaft 43 by a bolt 149 or other 
suitable fastener. The broach 142 has a spindle 148 around which a series of plates 147 are 
applied. As best shown in the exploded view of Figure 7, the series of plates 147 are held 
together on this spindle 148 by the plates 145, 151. The plates 147 are appropriately 
dimensioned to form the cutting surface 146. Once again, a cut out portion is provided around 
the broach 142 and the cut out portion surface may be machined in order to sharpen the tool as 
was described above. 

Referring now to Figure 1 1, an alternate ferrule 1 10is shown. This alternate ferrule 110 
is designed to hold two rows of fibers either included in a single ribbon or in a pair of ribbons. 
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The mac hinin g process and method of making each of the alternate first and second ferrule 
halves 1 12, 1 14 is the same as that described above. In this embodiment, however, an 
intermediate member 1 17 is inserted between the stripped fibers at the mating face 1 1 8 to form 
the assembly shown in Figure 12. It should be understood that multi-row arrays with more than 
5 two rows may be formed utilizing these principles and having additional intermediate members 
1 17. The ferrule halves would be similarly machined however and adjusted in dimensions in 
order to accommodate the greater thickness ribbon fiber cables. 

Yet another alternate multi fiber ferrule 210 is shown in Figures 13-16. This ferrule 210 
also consists of first and second ferrule halves 212, 214. Each of these first and second ferrule 
10 halves 212, 214 are hermaphroditic therefore only the first half 212 will be described in greater 
detail. The ferrule 21 0 similarly has a cable receiving end 2 1 6, a mating face 2 1 8, and windows 
222. A plurality of fiber receiving passageways 220 are similarly organized in a linear array 
between a pair of pin receiving passageways 224 along the mating face 218. 

Ferrule half 212 is made utilizing the machine 40 and process as was described above. 
15 Referring now to Figure 14, a cable receiving channel 225 extends forward from the cable 

receiving end 216 to the fiber receiving channels 228 located near the mating face 218. The pin 
receiving channels 226 extend from the mating face 218 toward the cable receiving end around 
the array of fiber receiving channels 228. Each of these features is similar to those of the 
previous embodiments, however, this ferrule half 212 further includes a plurality of interlocking 
20 fingers 229 extending perpendicular to the inner surface 227. A plurality of finger receiving 
spaces 23 1 are positioned between of each of the fingers 229. 

As best shown in Figures 15 and 16, in assembly, the first and second hermaphroditic 
ferrule halves 212, 214 are pressed together with the pre-stripped ribbon cable 8 inserted 
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therebetween. In Figures 1 5 and 1 6, the fingers of the first ferrule half 212 will be referred to by 

f 

number 229a and the fingers of the second ferrule half 214 will be referred to by number 229b 
for clarity. Similarly, the finger receiving spaces of the first ferrule half 212 will be referred to by 
number 231a and, the finger receiving spaces of the second ferrule half 214 will be referred to by 
number 23 lb. The fingers 229a of the first ferrule half 212 form an interference fit between the 
finger receiving spaces 23 lb of the second ferrule half 214. This fit is preferably achieved by 
forming the halves 212, 214 of a stable metal such as a zinc alloy. It should be understood, 
however, that other suitable plastics or other stable materials could be used. This eliminates the 
need for sleeves or other methods to secure the ferrule halves together. An advantage of this 
embodiment is that the need for mechanical devices or adhesives to fix the ferrule halves 212, 
214 together is eliminated. 

It should also be understood that in this and the previous embodiments, the channels 224, 
228 in each half 212, 214 are aligned with each other by placement of a fiber or pin therein. The 
fingers are dimensioned with some small lateral clearance to allow this alignment of the channels 
226,228. 

An advantage of the present invention is that ferrule halves may be precisely machined in 
order to reduce positional tolerance and increase accuracy between pins and an array of fibers 
along a mating face of the ferrule. Additionally, the ferrule may be made of imprecisely molded 
or cast blanks which are precisely cut using the broach and method described above. The broach 
is a simple tool which is easily sharpened by removing material along the cutting edge of the 
tool. The cutting process is simplified by placing multiples of ferrule halves on a carrier that 
pass under cutter in an end to end relationship thereby assuring precisely aligned cuts in all 
ferrule halves. Since all halves are cut with the same tool, positional tolerance between adjacent 
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channels is maintained An additional advantage of the ferrule is that each fiber is placed in the 
ferrule such that it contacts a respective passageway in six locations while having a space within 
each passageway extending along the fiber for receiving epoxy or encapsulant This serves to 
firmly support the fibers in the ferrule and prevent them from pistoning within the passageway. 

The foregoing illustrates some of the possibilities for practicing the invention. Many 
other embodiments are possible within the scope and spirit of the invention. It is, therefore, 
intended that the foregoing description be regarded as illustrative rather than limiting, and that 
the scope of the invention is given by the appended claims together with their full range of 
equivalents. 
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